Summary This paper describes the epidemiology of Hodgkin's disease occurring in parts of the United Kingdom between 1984 and 1986. The cases were carefully diagnosed and the data rigorously cross-checked as part of the larger Leukaemia Research Fund Data Collection Survey of all lymphoid and haematogenous malignancies. The age-specific rates show the lack of an older adult second peak. Spatial variation is examined in some detail. At county and district levels there is little heterogeneity in the distribution of cases. However, at the electoral ward level there were real differences for the younger age group (0-34).
In contrast to other haematogenous malignancies the histological classification of Hodgkin's disease (HD) and its subtypes has remained in use since Lukes and Butler (1966) defined the Rye modification of their original scheme. Recent studies at the cellular level confirm that HD is a lymphoid neoplasm and investigations at the molecular level suggest that different immunoglobulin gene rearrangements may be linked to the subclasses of HD (Stein et al., 1986; Griesser et al., 1987) . The origin of the Reed-Sternberg cell, which distinguishes HD from other lymphomas, remains a controversial issue (Bucsky, 1987 , Drexler & Leber, 1988 and cytogenetic studies have so far failed to characterise further this tumour (Kristoffersson et al., 1987; Cabanillas, 1988) . Currently no consistent available evidence suggests that the basic Rye classification should be modified.
Descriptive statistics for HD in the United Kingdom are published by the Office of Population Censuses and Surveys (OPCS, 1978 (OPCS, -1988 ) based on regional cancer registrations. These data are unsatisfactory for investigating either recent trends or geographical differences at other than a regional level. Perhaps of greater importance are the doubts cast on the reliability of leukaemia/lymphoma registrations by the national system, particularly with regard to diagnostic accuracy (Barnes et al., 1986) . Delays in registration and use of unconfirmed diagnoses make cancer registry data of questionable value for this range of diseases (Bowie, 1987; Alexander et al., 1989a) .
To overcome some of these difficulties and account for the criticisms cited above, a specialist registry of leukaemias, lymphomas and allied disorders was set up in 1984. Initially the aim of the survey was to obtain optimal ascertainment with rapid registration across the entire study area. This comprised a large area of the UK with a population of approximately 16 million. The number of regions varied by year, resulting in changes of the base line population. For all disease groups, modern classification systems of disease subtypes were incorporated, making use, for example, of immunophenotyping techniques. Once the registrational procedures were in operation the registry aimed to provide reliable data for a wide variety of epidemiological analyses. The current paper focuses on HD with the presentation of descriptive results on the age-sex distribution of disease subtypes and also the geographical pattern.
Methods
The Leukaemia Research Fund data collection survey The data collection survey (DCS) (Alexander et al., 1989a) .
The study areas based on health regions and districts are shown in Figure I and 0-4, 5-14, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, and 75-84 . Expected numbers are calculated using the same age strata and 'LRF standard age-specific rates'. These are age-specific incidence rates for 1984-86 for the areas included in the cross-checking procedure (Alexander et al., 1989a) for which optimal and uniform ascertainment is assumed. If age-specific risk of disease is the same in each area unit and the risks for different individuals are independent then the appropriate statistical model for the observed incidence is the Poisson distribution with the expected incidence as mean. This is described as a 'uniform distribution'. Observed and expected incidence can be compared for each area unit. This process involves a large number of statistical tests; the P values should therefore be interpreted with caution and are referred to as 'nominal P values'. Global testing of differences of O/E ratios by area unit are also based on the Poisson distribution; the method is that of Poisson regression (Frome, 1983) , using GENSTAT. It should be noted that an explicit comparison was made of OIE ratios with E calculated as above (i.e. over age-strata) and with E calculated using age and sex stratification. There was no evidence of differences which could alter the conclusions of any analyses. This justified our choice of use of age-standardisation alone. Poisson regression has also been used to test for betweendistrict, within-county variation.
For the investigation of a smaller scale heterogeneity we have applied a goodness-of-fit test of a mixture of Poisson distributions:
where Oi is the observed number and E, the expected number of cases in the ith ward 1 i<3272. We have compared the observed and expected numbers of wards with nominal P values <0.05 and <0.01 respectively. This is related to the approach of Gardner and Winter (1984) (Figure 2 ) illustrates the higher proportion of males occurring particularly in the first mode of the distribution. Age-specific rates are given by 5 or 10-year age bands in Table I ; the differences in age pattern by sex are statistically significant (P<0.01). The low rate in the under 4-year-olds is followed by a steady rise to a peak incidence in the 1 5-34-year-olds. The relative proportion of the HD contribution to the totality of the lymphomas is highest in childhood (0-14 years) at 39%, decreasing to 26% at ages 15-64 and 5% in the 65-84-year-olds.
Examination of Rye histological types showed that 10% of HD cases remained unclassified (HDNOS). The most common subtype was HDNS comprising 51% with HDMC contributing 24% of cases. The rarest subgroups were HDLP (10%) and HDLD (5%). The distribution of the histological subtypes varies considerably by age, as shown by the age specific rates in Table II Table III ).
Small scale analysis
The larger scale geographical analyses showed no significant differences between incidence rates in different counties or districts. On this large scale the spatial pattern of incidence was found to be approximately uniform. However, at the electoral ward level there were variations. Table IV shows the results testing the fit of the Poisson distribution at ward level for HD and for HDNS. In HD the results suggest a lack of fit of the Poisson distribution, and thus a non-uniform pattern of incidence at electoral ward level, in people aged 0-34 years. For HDNS, no significant differences in ward incidence rates (Table IV) (Alexander et al., 1989a) . Consistent data exchange over a 3-year period was considered to pr-duce optimal ascertainment for these regions and therefore an appropriate area on which to calculate incidence statistics.
The DCS age standardised incidence rate for HD (2.4 per 105 person years) is slightly lower than in the USA (3.0 per 105 person years) (Glaser, 1987) (OPCS, 1988) . The classic bi-modal age-incidence curve for HD, first described by MacMahon (1966) , is not fully mirrored in our results, which only concur with the peak found in young adults. In an international context this first rise in incidence typifies the characteristic pattern for 'well-developed countries' (Correa & O'Conor, 1971 ). Overall our UK pattern fails to demonstrate a renewed rise in incidence in the over 45-year-olds, as shown by other UK data for the years 1979-82 (Muir et al., 1987 ). An explanation for these differences is not immediately apparent but may relate to the DCS practise of only registering histopathologically confirmed disease. The cross-check of DCS and cancer registry data (Alexander et al., 1989a) Few descriptive data are available on HD incidence by histological subtype. Our observation for the UK of HDNS accounting for the peak incidence in young people aged 14-35 years reflects that found in other western populations (Glaser, 1986) . In addition our data supports the previously noted female excess within this group (Glaser, 1986) .
For children aged 0-14 years the DCS and the national childhood cancer registry rates for HD (Draper et al., 1982) both illustrate the relative rarity of HD in childhood. The sex distribution of histological subtypes in this age group has been reported to exhibit an excess of HDNS in females (Stiller, 1985) . Our data for 0-14-year-olds contained a higher proportion of subtyped disease and did not exhibit this feature. However (Levy, 1988) , in contrast to the HDNS of westernised countries. A direct comparison of Chinese and North American data recently confirmed this pattern (Harrington et al., 1987) , adding weight to the growing body of evidence that higher socio-economic status is linked to HDNS.
Because of its recent origin the DCS is as yet unable to evaluate temporal trends and test the observations of an increasing incidence in either HD overall (Barnes et al., 1986) , HD in young people (Van Hoff et al., 1988) or more specifically for women (Glaser, 1987) . However, the absence of a second age-specific mode in our relatively recent data set may reflect a decreasing incidence in older adults seen in the USA and present for all subtypes (Glaser, 1986) .
Although variation in incidence and subtypes of HD is documented on an international level (Muir et al., 1987) little attention has been paid to comparisons of distribution on a smaller geographical scale. A study of variation in 10 regions of the United States showed significant variation (Glaser, 1987) , in contrast to our results where distribution on this scale was homogeneous. At the higher resolution of districts a Yorkshire study showed individual districts with significantly excessive rates (Barnes et al., 1987a) but no global test of heterogeneity was applied. Our data show some individual excesses but no overall significant variation at district level; a result confirmed by Scottish data (D. Clayton, personal communication) .
A striking feature of the results presented here is the obscuring of localised geographical aggregation which would occur if large areas alone were examined. We confirm a non-random HD distribution at ward level first reported for Yorkshire for diagnoses 1974 -82 (Barnes et al., 1987b and confirmed by Scottish data (J. Urqhart, personal communication).
Certain methodological problems common to spatial descriptive epidemiology are present with this study. UK censuses provide population denominators and do not therefore exactly reflect the population at risk in any one ofthe years investigated. This applies to all the analyses used here and because of this we have chosen to use age-standardisation with relatively broad strata. Future plans include incorporation of demographic modelling of the age-sex structure of the population in individual years, which is particularly appropriate for diseases such as ALL and HD which show an early peak incidence.
In summary, the analysis of a high quality data set using recently accrued cases have revealed some novel observations. The absence of any obvious bi-modality in age distribution may be the forerunner of distributions from other countries for which such recent data remain to be published. The striking early adult age peak accounted for by HDNS confirms other descriptive data for well developed countries. However, no previous work has documented the geographical distribution of HD at varying levels and it is of interest that the disease appears in a homogeneous pattern on a large scale but small areas reveal significant heterogeneity. Examination of these data for evidence of clustering is subsequently described (Alexander et al., 1989b variable E1; however, the division of opinion between the use of incidence ratios and P values has been ubiquitous at least since the Black report (Black, 1984) which used both. The problem with sparse data is that incidence ratios are unstable and lack precision, particularly for the smallest Eis while P values depend on the value of Ei in a complex way (because of discreteness of the Poisson distribution) but tend to favour larger areas. For data as sparse as these where many wards have only one or two cases, ranking by incidence ratio is particularly inappropriate since for each value of 0 it corresponds to ranking by E (i.e. by population). Therefore we have chosen to classify high-risk wards by P values. Because of the discreteness of the Poisson distribution expected counts of wards with P<O.O1 have been computed by summing the exact probabilities.
Pe,,= min [pr (0i > n): pr (Oi > n) <0.01] n>1 That the expected number quoted in Table IV is considerably less than 1% of 3,292 illustrates the extent to which Pex <0.01 for data with such small values of Ei.
This approach is similar to that of Gardner and Winter (Gardner & Winter, 1984; Black, 1984) .
